Aims Gestational diabetes mellitus (GDM) occurs in 5-15% of pregnancies, and lower maternal educational attainment has been associated with higher risk of GDM. We aimed to determine if maternal education level is associated with persistent post-partum glucose metabolism disorders in women with GDM. Methods Retrospective cohort study of women with GDM followed in 25 Portuguese health institutions between 2008 and 2012. Educational attainment was categorised into four levels. Prevalence of post-partum glucose metabolism disorders (type 2 diabetes mellitus, increased fasting plasma glucose or impaired glucose tolerance) was compared and adjusted odds ratios calculated controlling for confounders using logistic regression. Results We included 4490 women diagnosed with GDM. Educational level ranged as follows: 6.8% (n = 307) were at level 1 (≤ 6th grade), 34.6% (n = 1554) at level 2 (6-9th grade), 30.4% (n = 1364) at level 3 (10-12th grade) and 28.2% (n = 1265) at level 4 (≥ university degree). At 6 weeks post-partum re-evaluation, 10.9% (n = 491) had persistent glucose metabolism disorders. Educational levels 1 and 2 had a higher probability of persistent post-partum glucose metabolism disorders when compared to level 4 (OR = 2.37 [1.69;3.32], p < 0.001 and OR = 1.39 [1.09;1.76], p = 0.008, for level 1 and 2, respectively), an association that persisted in multivariable logistic regression adjusting for confounders (level 1 OR = 2.25 [1.53;3.33], p < 0.001; level 2 OR = 1.43 [1.09;1.89], p = 0.01). Conclusions Persistent post-partum glucose metabolism disorders are frequent in women with GDM and associated with lower maternal educational level. Interventions aimed at this risk group may contribute towards a decrease in prevalence of post-partum glucose metabolism disorders.
Introduction
Gestational diabetes mellitus (GDM), defined as decreased glucose tolerance diagnosed during pregnancy, is estimated to occur in 5-15% of pregnancies [1, 2] . Insulin resistance, caused partly by placental hormones and maternal adiposity, is recognised as the most important aetiological factor [3] .
GDM was associated with adverse foetal, labour and maternal outcomes [2, [4] [5] [6] . As for maternal complications, a higher rate of hypertensive disorders (gestational hypertension, preeclampsia and eclampsia) [7] and increased risk of developing glucose metabolism disorders after pregnancy such as type 2 diabetes mellitus (type 2 DM), impaired fasting glucose or impaired glucose tolerance have been described [8] . GDM increases the risk of developing type Managed by Massimo Federici.
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2 DM up to seven times. Therefore, screening for type 2 DM and other glucose metabolism disorders at 6-12 weeks after delivery is mandatory according to current guidelines [9] . Moreover, studies have shown that all types of glucose metabolism disorders are associated with increased risk of cardiovascular disease, which is higher in participants meeting the criteria for type 2 DM [10, 11] .
Identified risk factors for GDM include Asian and black ethnicity, increased maternal age, obesity, polycystic ovary syndrome, personal history of GDM and family history of diabetes [2] . Known predictive factors for persisting glucose metabolism disorders after pregnancy are obesity, GDM diagnosed before the 24th week of gestation and requirement of insulin treatment to achieve glycemic control during pregnancy [8, 12] .
Maternal education is an additional risk factor for glucose metabolism disorders in the general population [13] as well as for GDM, as recently shown by Bouthoorn et al. [14] . However, its role as a predictive factor for persistence of glucose metabolism disorders after a pregnancy with a GDM diagnosis has not, to the best of our knowledge, been explored.
The aim of this study was to determine if maternal educational level was associated with increased risk of persisting post-partum glucose metabolism disorders in women with GDM.
Methods
We performed a retrospective cohort study of pregnant women diagnosed with GDM, who delivered in Portugal between 2008 and 2012.
Study population
Data were obtained from the Portuguese National Registry of GDM with permission from the database coordinatorthe Study Group of the Portuguese Society of Diabetology (SGPSD).
GDM diagnosis was established using the criteria recommended by the Portuguese Directorate-General of Health (PDGH). Until February 2011, diagnosis was based on the Carpenter and Coustan's criteria, with a 100-g 3-h oral glucose tolerance test (OGTT), after a selective screening strategy in the 1st trimester and between 24 and 28 gestational weeks [15] . After February 2011, diagnosis was established using a universal screening strategy based on the International Association of Diabetes and Pregnancy Study Groups' criteria, American Diabetes Association (ADA) and the World Health Organisation-fasting plasma glucose in the 1st trimester and 75-g 2-h OGTT between 24 and 28 gestational weeks [1, 16, 17] . To determine if different diagnostic criteria could be an effect modifier of the relationship between maternal education and the outcome, an interaction term between maternal education and diagnostic criteria was added to the logistic regression analysis (see below). This was not significant (p = 0.33), and, consequently, we present our results without stratification by this variable.
Women with history of diabetes and those with twin pregnancies were not included in the database.
Data were collected from clinical records of women with GDM followed in 25 Portuguese public sector health institutions, from a total of 44 institutions invited to participate in the study and comprising all Portuguese continental districts. Datasets were aggregated and validated by the SGPSD, according to the data provided by the PDGH. Data were blinded with respect to patient and health institution's identification, ensuring anonymity of the collected data. This study complies with the Declaration of Helsinki on medical protocol and ethics. Each participating hospital's institutional review board approved data collection. Given the retrospective nature of this study and the use of anonymised data, participants' written consent was not required.
Outcome variable
The primary outcome was defined by the presence or absence of any glucose metabolism disorder at 6 weeks postpartum [9] , defined as a composite of either type 2 DM or increased fasting plasma glucose or impaired glucose tolerance in a 2-h 75-g OGTT. Type 2 DM was diagnosed in the presence of a plasma glucose ≥ 7 mmol/L after a 8 h fast or a 2 h plasma glucose ≥ 11 mmol/L during an OGTT; increased fasting plasma glucose as fasting plasma glucose of 5.5-6.9 mmol/L and impaired glucose tolerance as plasma glucose 7.7-10.9 mmol/L 2 h after an OGTT [9, 12, 15] . No differences in how the outcome was measured were expected to have occurred between the groups defined by maternal educational level.
Covariates
The predictor variable, maternal educational level, was divided into four categories: level 1 (6th grade or less), level 2 (from 6th to 9th grade), level 3 (from 10th to 12th grade) and level 4 (university degree or higher).
Potential confounders were included as covariates in the statistical analysis. These include demographic (maternal age and district) and biometric characteristics (pre-pregnancy body mass index (BMI)-categorised into normal < 25 kg/m 2 , overweight ≥ 25 and < 30 kg/ m 2 and obese ≥ 30 kg/m 2 ; and gestational weight gainclassified as a weight increase below, within or above the limits established by the 2009 Institute of Medicine recommendations [18] ) and obstetric history (nulliparous, previous pregnancy with or without GDM).
Women received education on diet, exercise and appropriate glycemic targets. According to the guidelines of the Portuguese General-Directorate of Health [19] , the goal of therapy was to reduce fasting glucose to 3.3-5.0 mmol/L and the 1 h postprandial level to 5.5-6.6 mmol/L in more than 90% of the glucose measurements. Insulin was started if the glycemic targets were not achieved within 1-2 weeks with non-pharmacological therapy. Gestational age at GDM diagnosis (determined using obstetric ultrasound), the delay between diagnosis and first GDM obstetric appointment and the need of insulin therapy were also included in the analysis.
The mean value of HbA1c in the third trimester was obtained, but not included in the multivariable model, as it would not be a predictor but a consequence of glucose metabolism disorders.
Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) and categorical variables as number and frequency.
In order to identify an association between educational level and the persistence of glucose metabolism disorders after delivery, we performed a univariable logistic regression analysis with glucose metabolism disorders as the outcome and educational level as a predictor. Multivariable logistic regression analysis was used to adjust for confounding variables (age, district, pre-pregnancy BMI, gestational weight gain, obstetric history, week of diagnosis, delay to specialist appointment and insulin-requiring GDM).
To assess if an effect modification of educational level on the outcome could be observed for maternal age, year of diagnosis, geographical location or number of previous deliveries (using only multiparous women), we performed a logistic regression including interaction terms for each of the variables individually. For this analysis, educational level was dichotomised into two groups: levels 1-2 and 3-4. Due to chance alone, we would expect 0.20 of the four interaction tests to be statistically significant at the p < 0.05 level.
The need for insulin therapy during pregnancy was used as a surrogate for lack of glycemic control. We performed logistic regression using this variable as an outcome and educational level and the previously mentioned confounders as predictors.
All data were analysed using STATA 13.1 and R 3.2.2. A two-sided p < 0.05 was considered significant and 95% confidence intervals are presented.
Missing data
Missing data for the explanatory variable (educational level) were assumed to be missing completely at random, and participants with missing data for this variable were excluded from the analysis. We assumed missing values for the outcome (persistent post-partum glucose metabolism disorders) were missing at random (MAR). By MAR we mean that the missingness of the outcome may be determined by other variables, such as education, with previous studies having reported that more educated women have a higher probability of returning for the re-evaluation appointment 6 weeks after delivery than least educated ones [20] [21] [22] . To address this limitation, multiple imputation was performed for the outcome variable. We used the mi package of STATA to create 40 imputed datasets using chained equations which were then combined and analysed. All potential confounders used in the multivariable logistic models were included in the imputation model. Results from imputed data did not differ from the ones obtained by complete case analysis, what is consistent with previous reports on outcome imputation [23] . As such, complete case analysis (only including participants with data for the outcome) was reported. The descriptives of participants with missing data can be found in Table S1 , and we could observe that those with missing data for maternal education did not considerably differ from those included in the complete case analysis.
Results
The cohort used in this study comprises 4490 women diagnosed with gestational diabetes mellitus. The original dataset was composed of 8266 women. Women with missing data for the outcome (n = 2944) and/or the predictor (n = 1636) were excluded from the analysis (n = 3776).
Mean age ± SD of participants was 33.2 ± 5.1 years. While 44.2% (n = 1923) had a normal pre-pregnancy BMI, 30.5% (n = 1329) were overweight, and 25.3% (n = 1100) were obese. Concerning educational level, 6.8% (n = 307) of the participants belonged to level 1, 34.6% (n = 1554) to level 2, 30.4% (n = 1364) to level 3 and 28.2% (n = 1265) to level 4. Baseline characteristics of the participants stratified by educational level are shown in Table 1 .
The mean ± SD for the week of GDM diagnosis was 26.0 ± 7.9 and 2.8 ± 3.5 weeks for the delay between diagnosis and first GDM obstetric appointment.
A total of 11.9% (n = 532) of the women had a previous pregnancy with a diagnosis of GDM, 41.1% (n = 1835) had a pregnancy without this diagnosis, and 46.9% (n = 2093) were nulliparous. The mean ± SD for third trimester HbA1c measurement was 5.3 ± 0.5% (34 ± 6 mmol/mol). Twentyseven per cent (n = 1142) experienced an excessive weight gain according to the IOM guidelines and 34.8% (n = 1561) needed insulin therapy during pregnancy.
At the 6 weeks post-partum re-evaluation, 10.9% (n = 491) were diagnosed with persistent glucose metabolism disorders. Impaired glucose tolerance was the most prevalent type of glucose metabolism disorder, occurring in 8.0% (n = 357). Post-partum diabetes and impaired fasting glucose were present in 1.6% (n = 73) and 1.4% (n = 61), respectively.
When stratified by educational level, significant differences were observed between groups. Notably, less educated women were older (36.1 ± 4.7 level 1 vs. 33.8 ± 4.2 level 4), had a higher pre-pregnancy BMI (30.6% level 1 vs. 54.2% level 4, had normal pre-pregnancy BMI), were more frequently multiparous (23.3% were nulliparous in level 1 vs. 61.6% in level 4) and had a higher percentage of excessive weight gain during pregnancy (29.6% level 1 vs. 22.9% level 4). Moreover, less educated women had a higher percentage of post-partum glucose metabolism disorders (19.9% level 1 vs. 9.5% level 4) and higher need of insulin to achieve glycemic control during pregnancy (41.0% level 1 vs. 30.3% level 4). The remaining baseline clinical, laboratory and demographic data, as well as missing data details, can be found summarised in Table 1 and  Table S2 . Lower educational level correlates with a higher probability of persistent post-partum glucose metabolism disorders
We performed a univariable analysis (Fig. 1a) to correlate educational levels (as well as other predictors, namely age, pre-pregnancy BMI, week of diagnosis, delay between diagnosis and specialist appointment, weight gain, insulinrequiring GDM and previous pregnancy information) with post-partum glucose metabolism disorders. Educational levels 1 and 2 had a statistically significant higher probability of having persistent post-partum glucose metabolism disorders when compared to level 4 (OR = 2. After adjustment for the previously described confounders using multivariable logistic regression (Fig. 1b) , lower educational levels 1 and 2 were associated with a significantly higher probability of persistent post-partum glucose metabolism disorders (level 1 OR = 2.25 [1.53;3. Maternal age modifies the effect of educational level on persistent post-partum glucose metabolism disorders While no effect modification could be observed by district of origin, year of diagnosis or number of previous deliveries (in multiparous women) (Fig. S2a, Fig. S2b Odds Ratio Fig. 1 Forest plots for a univariable and b multivariable logistic regression (n = 3978) indicating the association, effect size and direction between confounder variables and educational level and higher probability of persistent post-partum glucose metabolism disorders. Odds ratios (OR) with 95% confidence intervals. Age in years, delay between GDM diagnosis (dx) and appointment in days 1 3
having persistent post-partum glucose metabolism disorders increased with age to a lower degree in educational levels 1-2 than in levels 3-4 (Fig. 2a) . Moreover, the difference between the groups was only significant before the maternal age of 37 years, encompassing the majority of the participants (Fig. 2b) .
Educational level influences glycemic control resulting in higher probability of requiring insulin during pregnancy
Participants with educational levels 1 and 2 had a higher probability of needing insulin during pregnancy (OR = 
Discussion
We characterised a cohort of women with GDM, followed in more than half of all public sector health institutions in Portugal between the years 2008 and 2012, and we observed that persistent glucose metabolism disorders at 6 weeks post-partum are frequent (10.9%) and associated with lower educational levels. While Bouthoorn et al. showed an association between this socio-economic indicator and GDM risk [14] , an unequal persistence of post-partum glucose metabolism disorders in women with GDM has not, to the best of our knowledge, been previously described in such a large cohort and has potential public health implications. We must acknowledge the limitations of our study. First, the observational nature of a cohort study design prevents us from inferring causality and the retrospective analysis, despite the large dataset, limits the study's conclusions. Second, different and evolving diagnostic criteria for GDM, as well as pre-diabetes stages are a concern, although a difficult one to overcome as they lack a universal definition. Third, the absence of baseline glycemic measures does not allow us to determine if lower educated women already had undiagnosed glucose metabolism disorders, other than type 2 DM, before pregnancy. Fourth, only 25 of the 44 public sector healthcare institutions managing gestational diabetes mellitus agreed to participate in this study, what may limit the generalisability of the study results. Fifth, missing data for outcome and explanatory variables were high, with missing data for the outcome (36.5%) being in line with previous reports of non-adherence to gestational diabetes mellitus post-partum screening [20, 22] . While we tried to address missing data by describing it and using multiple imputation, it is possible that our assumptions concerning their nature might not be accurate. Finally, during the years included in our study insulin was the mainstay of pharmacological treatment of GDM, as it preceded the widespread acceptance and generalisation of the use of metformin during pregnancy. It would be of interest to assess if our findings persist after the implementation of this new approach.
The results from our cohort agree with what has been described for this patient population [24] [25] [26] : older age, higher pre-pregnancy BMI, earlier week of diagnosis and requirement for pharmacological treatment were associated with persistent glucose metabolism disorders. Inversely, a previous pregnancy without GDM was associated with normal post-partum glucose metabolism. The association between lower educational level and glucose metabolism disorders at 6 weeks post-partum was consistent throughout the years encompassed in this study and across different geographical areas. Lower educated women were older, had higher pre-pregnancy BMI at the first pregnancy visit, gained more weight during pregnancy and had a higher probability of insulin-requiring GDM during pregnancy compared to other educational strata. The association we identified could be partly due to these confounding factors, widely known to be potential causes for both type 2 DM and GDM. However, the fact that the association between educational level and the outcome was independent of said confounders suggests that other mechanisms concur towards this deleterious outcome. Lower educational levels may be associated with specific lifestyle habits, mainly lack of exercise and/or unhealthy diet, which are important risks factors for type 2 DM and not measured in our cohort. It is plausible that women with lower educational level may be exposed to other socioeconomic factors, such as worse employment conditions, less free time to perform leisure activities and physical exercise.
Other potential unmeasured confounders could influence this association. A possible contributing factor could be worse glycemic control during pregnancy, but the lack of association between third trimester HbA1c and educational level seems to contradict this hypothesis (data available in Table S4 ). However, the role of HbA1c as a marker of glycemic control during pregnancy has recently been challenged, as physiological changes (such as anaemia) and the short duration of altered glycemic control during pregnancy might preclude the use of this marker [27] . We also showed that lower maternal educational level was related to higher probability of insulin-requiring GDM, suggesting worse glycemic control in low educated participants that could result in the observed persistent post-partum glucose metabolism disorders. Nevertheless, the inclusion of this variable in the logistic regression model did not remove the significance of educational level in predicting the outcome, suggesting that worse glycemic control was not sufficient to explain the observed effect.
Type 2 DM increasing prevalence is a major concern, making it a key target for public health interventions [28] . Impaired fasting glucose and impaired glucose tolerance are known to be pre-diabetic conditions associated with a higher risk of developing type 2 DM later in life [11, 29] . As such, it is important to know which women with GDM are at the highest risk for persistent glucose metabolism disorders. This group could benefit from targeted interventions aimed at preventing persistent glucose metabolism disorders and/or effectively reducing the risk of progression to overt diabetes, as underscored in the 2015 ADA Diabetes Guidelines [30] .
In conclusion, we believe information originating from this large cohort is valuable in both adding to current knowledge and suggesting future research paths. While this study was performed using a Portuguese population, educational level heterogeneity occurs universally and understanding how widespread the association with persistent post-partum glucose metabolism disorders actually is, would be of great importance. Future studies may enable the development of targeted public health interventions focused on reducing the observed inequities in post-partum glucose metabolism disorders in this population and, consequently, contribute to a reduction in the global burden of diabetes and its complications.
